ABSTRACT
Introduction
Tribulus terrestris l. (Puncture vine) is an annual herb belonging to the Zygophyllaceae family. it is native to the Mediterranean region (1, 13) . According to Petrova (9) T. terrestris is a widespread species in Bulgaria, in the warmer parts of the country from the sea level to above 800 m altitude on sandy and rocky places and over the fields as a weed. Recent researches (8, 11) have confirmed this information. Detailed information of ecological and resource characteristic of the species from north Bulgaria was given by Sidjimova and nikolova (12) . This area is presented with four floristic regions and includes 32 localities with more than 320 dka and 24 800 kg dry mass exploitation reserve. Tribulus terrestris is a rich source of biologically active compounds such as saponins, flavonoids, amides, alkaloids, etc. (10) and the therapeutic properties of the plant have been known for many years. the plant's extracts have been used in traditional and modern medicine for treatment of sexual disorders, blood pressure, liver, kidney, urinary, and coronary heart diseases, eye problems, edema, etc. (3, 5, 7) . the other effects of the herb are blood sugar lowering, antibiotic and potential anti-tumor activities.
Some steroidal saponins -protodioscin, prototribestin and dioscin and the flavonoid glucoside rutin are the main compounds responsible for the medicinal properties of the plant which are present in the Bulgarian samples. the aerial parts of Tribulus terrestris are used to manufacture the tribestan® product produced by SOPHARMA Joint Stock Co., Bulgaria.
the aim of this work was to establish the variability of the main steroidal saponins and the flavonoid glucoside rutin in Tribulus terrestris populations from 16 localities from North Bulgaria and to define the most perspective of them for collection and preparation of high quality production of drugs and food supplements.
Materials and Methods

Plant material
Samples of Tribulus terrestris plants were collected from 16 populations distributed in North Bulgaria at the floweringseeding stage from the middle of August to the middle of September, when the length of the stems was more than 100 cm in 2009. The populations representing all four floristic regions were described for north Bulgaria ( Table 1, Fig. 1) . the species was determined according to Petrova (9) . Voucher specimens were deposited at the herbarium of the institute of Botany-Bulgarian Academy of Sciences (SOM), Sofia. The mixed leaves and fruits in a 1:1 ratio were used as samples for phytochemical analysis.
Analytical method
An hPlc system la chrom elite consisting of l-2130 pump equipped with a gradient controller and UV detector l-2400 was used. the separation was performed on 250 x 4.6 mm i. d., 5 µm, Inertsil ODS-2 column (Tokyo, Japan) with MetaGuard Pursuit direct connect guard column from Varian was used for all separations. the mobile phase which consisted of phosphoric acid buffer with ph-3 (A) and acetonitrile (B) was used for gradient elution. the parameters of the hPlc method utilized for compounds analysis were: solvent gradient (%B): 15 at 0 min, 25 at 20 min, 35 at 30 min, 55 at 40 min, 90 at 50 min, 100 at 55 min, 100 at 65 min, 15 at 70 min, 15 at 80 min; run time=100 min. The flow rate was adjusted to 1.0 ml/min, the detection wavelength was 203 nm. All separations were performed at ambient temperature.
INTRASPECIFIC VARIABILITY OF MAIN PHYTOCHEMICAL COMPOUNDS IN TRIBULUS TERRESTRIS L. FROM NORTH BULGARIA
Sample preparation
The finely powdered plant material (1g, leaves and fruits, 1:1) was extracted three times with 5.0 ml of 50% aqueous acetonitrile by sonication for 15 min. the extracts were combined, after filtration in a 20.00 ml volumetric flask and the volume was adjusted to 20 ml with the solvent used for extraction. Prior to injection, all samples were filtered through a 0.45-mm Chromafil 0-45/25 Machery-Nagel. every sample solution was injected in triplicate with an injection volume of 20ml. Standard deviations were less than ±0.19 for all experiments.
Results and Discussion
the comparative investigation of the distribution and resource assessment of Tribulus terrestris in north Bulgaria were studied by Sidjimova and nikolova (12) and the main results that refer to this investigation were presented in Fig. 1 and Table 1 . Fig. 2) . it was shown that the mixture of saponins had a high content of furostanol saponins protodioscin and prototribestin and a low content of dioscin. the content of protodioscin in the sample from Kozloduy (22.08 mg/g) was two times higher than that from the other populations. Fig. 2). the content of the compound was less in Slanchevo (4.96 mg/g) and ostrov (5.83 mg/g). the content of prototribestin was higher in the populations from the Danube Plain, hadzidimitrovo -12.11 mg/g, Kozloduy -12.06 mg/ml, Pavel -12.03 mg/g and cherkovitza -11.87 mg/g, mostly. the populations from the northern Black Sea coast, the Balkan foothill region and north-eastern Bulgaria, especially the populations from Slanchevo -3.11 mg/g and Bulgarevo -3.53 mg/g contained a low concentration of prototribestin. Prototribestin was isolated for the first time from the aerial parts of Tribulus terrestris growing in Bulgaria by Kostova (5) . the data for the biological activity of this compound are limited. it has been reported that the methyl-prototribestin is the most effective resistance modifier against human mdr1 gene-transfected mouse lymphoma cell line (2) . the content of dioscin in the studied samples was from 2.33 mg/g (Bulgarevo Village) to 0.64 mg/g (cherkovitza Village). the quantity of dioscin was lower than the quantity of the other saponins in all of the investigated populations. the analyzed populations showed differences in the content of rutin (Table 1, Fig. 3) . it varied from 0.00 (Slanchevo) to 3.72 (Pavel) mg/g. the content of rutin was less than the limit of detection in the population from Slanchevo Village. the other populations with a low content of rutin were from localities in the same region -Kamchia River and Bulgarevo Village, and populations from a geographically distinct region -orsoya and ostrov villages from north-West Bulgaria. the populations from Pavel, Kozloduy and Dolna Mitropolia showed higher values for rutin -from 3.39 to 3.72 mg/g.
Content of saponins in T. terrestris
Content of rutin in T. terrestris
Rutin is a widespread flavonol glycoside in plants and was first isolated from the garden rue plant Ruta graveolens in 1842 by Weiss (14) . the other main sources are buckwheat (Fagopyrum esculentum), tobacco (Nicotiana spp.), pagoda tree (Sophora spp.) and eucalypt (Eucalyptus spp.) (4) .the compound shows various beneficial properties for the human health, like antioxidant, vasodilatory, anti-inflammatory and immune-stimulating activities. there are few studies on its cytotoxic and genotoxic potential (6) .
the results from the cluster analysis applied to study the relation between the content of the biologically active compounds and the geographical distribution of the populations of T. terrestris in north Bulgaria were shown in Fig. 4 . the cluster analysis of the biologically active compounds from 16 localities in north Bulgaria using Ward's method and euclidian distances was performed (Fig. 4) . the results showed that there were two main groups. The first group included two populations from the north Black Sea coast, two populations from north-eastern Bulgaria and two populations from the Danube Plain. The second cluster group consisted of the other nine populations, which were separated into three subgroups. the higher content of the studied biologically active compounds defined that the population from Kozloduy was divided into an individual subgroup. the second subgroup included populations from hadzidimitrovo, Pavel and cherkovitza, which are geographically close. the other populations from the Danube Plain Gulianci, Dolna Mitropolia, Pokrayna, the population from Boichinovtzi (Balkan foothill region) -and the population from Madara (north-eastern Bulagria) were in the third group. A comparative analysis between the exploitation resources of the studied populations and the quantity of the studied chemical compounds was performed (Table 1) . the samples with a quantity of the studied compounds above the average values were Kozloduy, Dolna Mitropolia, Cherkovitza, Madara, hadzidimitrovo, Pokraina, Madara. From these samples Madara, Hadzidimitrovo and Gulianci did not have exploitation resources. the best population for collection was shown to be that in Dolna Mitropolia with about 2500 kg dry mass exploitation reserve and a high content of rutin, protodioscin and prototribestin. the sample from Kozloduy was shown to contain the highest quantity of rutin, protodioscin and prototribestin, but it was only 500 kg of dry mass exploitation reserve. the localities with high quantities of protodioscin and prototribestin from cherkovitza and Pokraina had low quantity dry mass exploitation reserves. the population with a high exploitation reserve and quantity of biologically active compounds above the average values was from Zlatia. Unfortunately, the population with the highest exploitation reserve -Slanchevo, showed the lowest quantity of the studied biologically active compounds.
Conclusions
the content of the main steroidal saponins protodioscin (Pd), prototribestin (Pt), dioscin (Ds) and the flavonoid glucoside rutin (Ru) from 16 localities in four floristic regions distributed in north Bulgaria showed a quantitative diversity between them. Six populations from Kozloduy, Kamchia, Madara, Cherkovitza, Dolna Mitropolia and Pokrajna showed the highest content of protodioscin, which varied from 10.0 to 22.0 mg/g. the content of prototribestin was higher in the populations from the Danube Plain from 11.9 to 12.1 mg/g. the best population for collection of the botanical drug was Dolna Mitropolia with a 2500 kg dry mass exploitation reserve and high content of rutin, protodioscin and prototribestin. the populations from Kozloduy, Madara and Pokrajna could be used for selection under cultivation. the cluster analysis revealed that there is no clear correlation between the content of the studied chemical compounds and the geographical occurrence of the populations.
